Introduction 3 9
Every year, more than 20,000 tons of Cashmere were generated in China and Cashmere To provide in-depth insight into molecular profiles during Cashmere goat hair follicle 1 0 8 development and main cell fates transitions, we collected skin samples from E60, E90 and 1 0 9 E120 stage fetus Cashmere goat skin (Supplemental. Fig. S1a ), which correspond to hair 1 1 0 follicle induction, organogenesis and cytodifferentiation stage and performed single-cell 1 1 1 RNA sequencing (Fig. 1a ). We totally captured 7,000 single cells for each sample, and for 1 1 2 each sample we detected at least 16,000 genes and the genome mapping rate was higher 1 1 3 than 90% for all the samples (Supplemental. Fig. S1b ). For quality control, we filtered cells high-quality cells for downstream analysis. After quality control, we totally analyzed 1 1 6 19,705 single-cell transcriptome expression profiles from E60 (6,825 single cells), E90 1 1 7 (6,873 single cells) and E120 (6,007 single cells) stage fetus Cashmere goat back skin. To dissect cellular heterogeneity, we next performed t-distributed stochastic neighbor 1 1 9 embedding (t-SNE) analysis and we totally identified 16 different cell clusters across three 1 2 0 developmental times (Fig. 1b,c After the characterization of different cell clusters, we then want to investigate major cell 1 4 0 fate transitions during hair follicle development. We, therefore, performed pseudotime 1 4 1 trajectory construction analysis on dermal and epidermal cell clusters (Fig. 2 ). Since we 1 4 2 have successfully characterized all cell clusters, we then selected dermal cell lineage cell 1 4 3 clusters ( Fig. 2a, cluster 1, 4 , 6, 7 and 12) and epidermal cell lineage cell clusters (Fig. 2b , 1 4 4 cluster 0, 2, 3, 5, 8, 9 and 11) to infer cell lineage developmental trajectory. For the dermal 1 4 5 cell lineage, pseudotime trajectory displayed 2 branch points ( Fig. 2c ), while the epidermal along the pseudotime. As for the branch point in the dermal and epidermal cell populations, analyzing cluster-specific gene expression profiles, our data here provides a valuable 3 0 3 resource for identification of markers for future studies in Cashmere skin tissues and also 3 0 4 provides an in-depth understanding of the Cashmere hair follicle development. In the current study, we totally analyzed 19,705 single-cell transcriptional profiles from 3 0 6 three different points, which can represent major cell types during hair follicle development. To dissect cellular heterogeneity during Cashmere goat hair follicle development after tSNE 3 0 8 analysis, we analyzed cluster-specific expressed signature genes for each cluster to infer 3 0 9 their corresponding cell types. It's worth noting that all the cell markers used in the current 3 1 0 study were referenced from the murine model due to the paucity of information regarding 3 1 1 marker gene expression during Cashmere goat hair follicle development. However, our 3 1 2 study here showed that substantial murine cell type-specific biomarkers are identical to the 3 1 3
Cashmere goat. Besides, by comparison of cell type-specific signature genes between 3 1 4
Cashmere goat and mouse ( Fig. 3c and Fig. 6c,d ), we found that the transcriptome 3 1 5 similarity decreased along pseudotime (revealed by overlapped signature genes in this 3 1 6 study). Briefly, about 729 DC signature genes overlapped between Cashmere goat and 3 1 7 mouse, and murine DC signature genes at different stages (pre-DC, DC1 and DC2) showed the late-stage IRS and hair shaft cell population in the late stage of hair follicle 3 2 0 development, the percentage of overlapped genes decreased (126 and 93 overlapped genes, 3 2 1 respectively). Similarly, by comparing gene expression across 7 different species from brain, 3 2 2 heart, ovary, kidney, testis and liver, researches have demonstrated that organ-specific 3 2 3 molecular profiles are more similar in early development and become more distinct during development in Cashmere goat and mouse may also consistent with such theory.
2 6
Similar to the murine model, we also observed differential gene expression profiles in 3 2 7 different DP cell populations from different hair follicles (primary hair follicles vs 3 2 8 secondary hair follicles), which was also consistent with our recent findings on mice (Ge et   3  2  9 al., 2019). Besides, an in-depth comparison of differentially expressed genes revealed that 3 3 0 different DP cell populations require different transcriptional profiles, and it's, therefore, et al., 2003 et al., , Pennisi et al., 2000 . Although our study here also demonstrates the showed two branch points. by analyzing the gene expression profiles of the first two branch 3 4 5 points, they actually showed similar cell fate decisions, while the additional branch point in Cashmere goat mainly comes from keratinocyte differentiation. Such differences in 3 4 7 pseudotime trajectory may be partially explained by the differences in the development of 3 4 8 hair follicles across species, for example, E120 stage Cashmere goat showed obvious hair 3 4 9
James
fiber on the surface of the skin, while it was not until 6-7 postnatal day that the hair follicles 3 5 0 in the mouse skin surface become visible. The difference in the pseudotime trajectory 3 5 1 reveals that hair follicle development was heterochrony between Cashmere goat and mouse, 3 5 2 which was frequent when comparing the development of specific organs across species. Finally, our dataset here provides an important resource for understanding the cellular which enabled us to comprehensively study the detailed developmental pathways involved 3 6 0 during Cashmere goat hair follicle morphogenesis, and will also have implications for the 3 6 1
Cashmere goat breeding work in animal husbandry. Province and were fed with Cashmere goat feeding standard (DB61/T583-2013) of Shaanxi Province. All pregnant goats were prepared using artificial insemination and all the 3 6 9 experimental procedures involved goats in this study were approved by the Experimental The goat fetus at desired dates was isolated using cesarean operation when the pregnant were isolated from the fetus back skin and were immediately transferred to the ice-cold remove contaminative blood cells, the skin tissues were then dissociated into single cells 3 7 8 prior to sequencing. For E60 and E90 skin tissues, the obtained skin tissues were firstly 3 7 9 incubated with 2 mg/ml collagenase IV (Sigma, St Louis, MO, USA) for 30 min at 37°C, 3 8 0 and then the skin tissues were mechanically dissociated into single-cell suspensions with a 3 8 1 1ml pipette tip. For E120 skin tissues, the skin tissues were firstly cut into ~3 mm skin 3 8 2 pieces and then incubated with 2 mg/ml collagenase IV for 30 min. After incubation, the pooled hair follicles were further dissociated into single cells with TypLE Express (Gibco, Single-cell library was constructed using 10x Genomics' Chromium Single Cell 3' V3 Gel Beads Kit (10x Genomics, Pleasanton, CA, USA) according to the manufacture's 3 9 5
instructions. After cell counting, the single-cell suspension was adjusted to 1000 cells/μl 3 9 6 and about 7,000 cells were obtained for each stage. The single-cell barcoding procedure was performed using a 10x Genomics Chromium barcoding system (10x Genomics, The obtained raw sequencing files were processed with standard CellRanger (v2.2.0) The produced raw base call files were firstly transformed into fastq files by using 4 0 5
Cellranger mkfastq function. The goat ARS1 reference genome downloaded from ensemble 4 0 6
was used as a reference genome (https://asia.ensembl.org/Capra_hircus/Info/Index).
0 7
Cellranger count function was used to perform mapping, filtering low-quality cells, 4 0 8
barcoding counting and UMI counting. After the standard Cellranger pipeline, the generated gene expression matrice files were Single-cell lineage reconstruction analysis was performed using Monocle (V2) packages 4 2 0
according to the online tutorial (http://cole-trapnell-lab.github.io/monocle-release/docs/).
2 1
The monocle object was constructed from Seurat object with newCellDataSet function, and 4 2 2
Seurat determined variable genes were used as ordering genes to order cells in pseudotime The immunofluorescence or enzyme horseradish peroxidase (HRP)-based 4 3 0 immunohistochemistry analysis procedure was performed as we previously described (Ge antibodies diluted in the blocking buffer were incubated with the slides at 4°C overnight.
The next morning, the corresponding secondary antibodies were then added in the slides 4 3 9
and incubated at 37°C for 1 h. DAPI was used to stain the nuclei and the pictures were 4 4 0 taken using Nikon AR1 confocal system (Nikon, Tokyo, Japan this study were listed in Supplementary Table 5 . The single-cell RNA sequencing data used in this research is deposited in NCBI GEO and 31671554). COL1A1  POSTN  DCN  APOE  KRT15  KRT17  SOX9  KRT14  KLF5  RSPO2  APOD  SOX18  SOX2  PCOLCE2  PLVAP  VWF  PECAM1  KDR  DEPP1  KRT10  KRT1  SBSN  KRTDAP  LRAT  TBX2  ACTA2  TPM2  EBF2  ABCC9  LCP1  FCER1A  RGS1  RGS10 KRT85  KRT27  KRT35  KRT84  AHCY  FGF21  HBP1  HPRT1  CLTB  GAN  TIMP2  KCNK7  CTSV  TXN   POSTN  VIM  COL1A1  LUM  ACTC1  COL1A2  OGN  TOP2A   KRT28  PADI3  SBSN  KRT14  KRT19  LRAT  KRT23  KRT73  BMP4  LEF1  KRT4  KRT1  KRT17  KRT10  PDGFA  SOX9 ALCAM  COL1A2  LUM  OGN  VIM  COL1A1  SOX18  VCAN  FST  APOD  DKK1  DLK1  NR3C1  CDH11  MICU3  ACADS  LRCH3   H2AFZ  DCN  TOP2A  PCNA  SHH  VDR  EGFR  LCK  DCT  ETV5  DCK  SLF1  MT3  SNRPB   SBSN  KRT4  KRT1  KRT14  SOX9  HES1  PRDM1  ELF1   MSX1  KRT35  ID3  ID1  AHCY  HOXC13  LEF1  APOO  USP16  RPS9 
